Evaluation of Cultural Ecosystem Aesthetic Value of the State of Nebraska by Mapping Geo-Tagged Photographs from Social Media Data of Panoramio and Flickr by Figueroa Alfaro, Richard Wagner
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Community and Regional Planning Program:
Student Projects and Theses Community and Regional Planning Program
Spring 5-2015
Evaluation of Cultural Ecosystem Aesthetic Value
of the State of Nebraska by Mapping Geo-Tagged
Photographs from Social Media Data of Panoramio
and Flickr
Richard Wagner Figueroa Alfaro
University of Nebraska – Lincoln, richardwagner1086@gmail.com
Follow this and additional works at: http://digitalcommons.unl.edu/arch_crp_theses
Part of the Urban, Community and Regional Planning Commons
This Article is brought to you for free and open access by the Community and Regional Planning Program at DigitalCommons@University of
Nebraska - Lincoln. It has been accepted for inclusion in Community and Regional Planning Program: Student Projects and Theses by an authorized
administrator of DigitalCommons@University of Nebraska - Lincoln.
Figueroa Alfaro, Richard Wagner, "Evaluation of Cultural Ecosystem Aesthetic Value of the State of Nebraska by Mapping Geo-Tagged
Photographs from Social Media Data of Panoramio and Flickr" (2015). Community and Regional Planning Program: Student Projects
and Theses. 34.
http://digitalcommons.unl.edu/arch_crp_theses/34
EVALUATION OF CULTURAL ECOSYSTEM AESTHETIC VALUE OF THE 
STATE OF NEBRASKA BY MAPPING GEO-TAGGED PHOTOGRAPHS FROM 
SOCIAL MEDIA DATA OF PANORAMIO AND FLICKR 
 
by 
 
Richard Figueroa 
 
A THESIS 
 
Presented to the Faculty of 
The Graduate College at the University of Nebraska 
In Partial Fulfillment of Requirements 
For the Degree of Master of Community and Regional Planning 
Major: Community and Regional Planning 
Under the Supervision of Professor Zhenghong Tang 
Lincoln, Nebraska 
May, 2015 
EVALUATION OF CULTURAL ECOSYSTEM AESTHETIC VALUE OF THE 
STATE OF NEBRASKA BY MAPPING GEO-TAGGED PHOTOGRAPHS FROM 
SOCIAL MEDIA DATA OF PANORAMIO AND FLICKR 
Richard Figueroa, M.C.R.P. 
University of Nebraska, 2015 
 
Advisor: Zhenghong Tang 
Ecosystems and human beings are inter-related in the world. People receive some 
benefits from ecosystems named Ecosystem Services such as provisioning, regulating, 
supporting, and cultural services. Aesthetic value from cultural services is the interaction 
of people with the environment related to natural beauty based on human perceptions and 
judgments. Over the time, traditional approaches for evaluating aesthetic value have been 
developed based on touristic attractiveness, natural beauty, or wide biodiversity. 
The main goal of this thesis was to evaluate the aesthetic value in Nebraska through 
a new approach by using social media data from Panoramio and Flickr since these kinds 
of virtual networks became a huge source of information available for multiple uses such 
as medical, social, touristic, environmental, and so on. We analyzed the locations of 
clusters of pictures with the location of potential areas of aesthetic value in Nebraska, 
discovered new areas with aesthetic value, and compared to the population.  
 
We used the Application Programming Interface (API) from Panoramio and Flickr to 
obtain the latitude and longitude of the photographs taken and analyzed using ArcGIS 
Spatial Statistical tools. Then, we overlapped them with areas of potential aesthetic value 
in Nebraska: natural landmarks, biologically unique landscapes, state parks, national 
parks, national forests and grasslands, national wildlife refuges, and surface water bodies 
(major streams and lakes). Also, we compared them to population. 
Finally, we identified hot spots and cold spots of clusters, in particular, in the north, 
west, and southeast parts of Nebraska; areas of study have a direct relationship with the 
hotspots; there are three new areas with aesthetic values discovered in Nebraska; and 
there was not a strong statistically significant relationship between the clusters and 
population at county, census track, block group, and block levels. Also, we stated some 
implications to Planning, research limitations, and future research areas. 
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CHAPTER 1 INTRODUCTION 
A. Overview 
Nature is anywhere in the world and ecosystems are a very important element. An 
ecosystem is a dynamic complex of plant, animal, and microorganism communities and 
the non-living environment interacting as a functional unit (Millennium Ecosystem 
Assessment (MA), 2005, definition).  
Since human beings are part of the ecosystems, there are some interactions and 
impacts between them. Kremen and Ostfeld (2005) stated that human beings depend on 
ecosystem services, yet human consumption is damaging these ecosystems and their 
capacity for providing services. Anderson, et al. (2009) pointed out the importance of 
the ecosystems since these are responsible for supporting biodiversity by providing such 
services. 
People receive some paybacks from ecosystems such as the named Ecosystem 
Services. Ecosystem services are the benefits that people obtain from ecosystems. These 
include provisioning services such as food and water; regulating services such as 
regulation of floods, drought, land degradation, and disease; supporting services such as 
soil formation and nutrient cycling; and cultural services such as recreational, spiritual, 
religious and other non-material benefits (Millennium Ecosystem Assessment, 2005). 
Within cultural services, one of these non-material benefits is aesthetic services that 
bring us aesthetic values. Aesthetic value is the interaction of people with the 
environment related to natural beauty based on human perceptions and judgments. As 
Budd (2000) stated landscapes possess aesthetic values for people and the aesthetic 
appreciation of nature needs to take in account some elements. The simple view of 
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landscapes can be pleasant for people gaining a subjective comfort. Consequently, 
ecosystems are a source of landscapes which give us aesthetical benefits. 
Traditional approaches to evaluate aesthetic value are very diverse. Stamps (1999) 
stated that planning professionals will be required to make aesthetic decisions on social 
or cultural factors according to his study of the demographics effects in environmental 
aesthetics. Yang, et al. (2014) made an evaluation of ecological and aesthetic values in 
five landscapes in Houguanhu, China using traditional data (surveys). 
Monitoring of agricultural landscapes, for instance in a study, analyzed the 
relationship between land use or land cover and biodiversity, cultural heritage and 
recreation. The authors found that certain indicators based on spatial structure are 
important to landscape preferences in agricultural landscapes (Dramstad, et al., 2006). 
Most of these assessments are based on touristic attractiveness, natural beauty, wide 
biodiversity or mix of them. For instance, the Grand Canyon in Arizona can be 
catalogued as touristic and a beautiful place for people. However, a common agreement 
is that aesthetic values of ecosystems are very important for people. Therefore, the 
potential benefits of landscapes are essential and convenient for everybody in terms of 
revenue, recreation, conservation, or tourism. 
The state of Nebraska is mainly known as an agricultural state and it is a major 
producer of beef, as well as pork, corn, and soybeans. Nevertheless, little is known 
about aesthetic values in Nebraska. Nebraska has natural landmarks, biologically unique 
landscapes, state parks, national parks, national forests and grasslands, and national 
wildlife refuges which could be catalogued as areas of aesthetic value. 
3 
 
Knowing the potential benefits of the Nebraska aesthetic places, it would be useful in 
environmental planning, for the state government, and for Nebraskans. Dramstad, et al., 
(2006) concluded certain indicators based on spatial structure are important to landscape 
preferences in agricultural landscapes. 
The data that we used for this study come from social media networks. We have 
many social media networks which are used by everybody around the world anytime 
and anywhere. The International Telecommunications Unions - ITU (2012), shows all 
over the world, the number of people using the internet has increased from 50% to 
almost 100% from 2000 to 2010. 
These virtual networks became a huge source of information available for multiple 
uses such as medical, social, touristic, environmental, recreational purposes, and so on; 
for example: Panoramio and Flickr. These websites show geo-tagged photographs 
uploaded by people considering aesthetic values. Welsh, et al., (2012) provided some 
advantages of geo-tagging photos from social media sources such as the addition of 
metadata to display them into a map. Then, these data were fixed with the thesis goal.  
As Andrienko, et al., (2009) made a study of analysis of community-contributed 
space- and timer referenced data using Panoramio data and analyzed the spatial-temporal 
events and the geographic trajectories of people; research using social media sources as 
Panoramio data is not a novel approach today in planning. 
Since this is a new approach, using a different kind of source, we can confirm 
whether or not the locations of hotspots or clusters of the pictures coincide with the 
location of areas of aesthetic value in Nebraska. At the same time, we can discover new 
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areas with aesthetic value in order to protect or preserve them. Finally, we can compare 
the locations of hotspots with population of Nebraskans to find a relationship.  
B. Research Questions 
The assessment of aesthetic value of these ecosystem services has been studied from 
different views and sources. Cultural Ecosystem Services are very difficult for spatially 
specific quantification. In particular, aesthetic values are challenging to evaluate 
(Casalegno, et al., 2013). Anderson, et al. (2009) also mentioned that there are only few 
studies of spatial patterns between ecosystem services and biodiversity. For instance, 
Hochmair (2010) showed the spatial association of geo-tagged photos with scenic 
locations by analyzing scenic routes and frequency of photos posted on Web 2.0 along 
them. Using a new approach, we responded the following research questions: 
 Where are the clusters of pictures uploaded in Panoramio and Flickr located? 
 In terms of location, is there any relationship between the hotspots or clusters and 
areas of aesthetic value in the state of Nebraska? 
 Are there new areas with aesthetic values discovered in Nebraska? 
 Is there a relationship between the hotspots or clusters of pictures and the 
population distribution? 
C. Justification 
Social media data is a big source of information unexplored completely that can give 
us a different perspective about the evaluation and quantification of aesthetic value of 
cultural ecosystem services or support previous studies. As Thompson, et al., (2014) 
stated, since some social networks update location of the posting individual or data, they 
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can help governments in decision making for urban planning, transportation, or disaster 
response about movement patterns. Martín-López, et al., (2012) pointed out that 
standing the socio-cultural dimension of ecosystem services can uncover important 
services for people, the factors of preference, and trade-offs from them.  
For this paper, we considered that assessment of aesthetic services have different 
ways and points of view. For instance, Norton, et al., (2012) measured cultural services 
using a national survey of biophysical components of United Kingdom countryside and 
experiential qualities of landscapes in England. Plus, they found some challenges when 
mixing quantitative and qualitative datasets. We compared the data that we obtained to 
the current information available (traditional data). 
To add, Selman (2010) pointed out the importance of landscape planning as source 
of protection, amenity, and ornament. Also, this author said landscape planners have 
identified with the core concerns of spatial planning at the beginning of the 21st century. 
Consequently, studies and research of landscapes have become matters of sustainability 
and place-making across urban and rural scenarios. 
Several studies using social media data have been made. For example, Kisilevich, et 
al., (2010) made a study of movement data based on geo-tagged photographs analyzing 
attractive areas, visualizing these areas utilizing density maps, analyzing temporal 
distributions of events, comparing spatial distributions in different times, detailing 
analysis of clusters, ranking of sightseeing, and comparing attractive area patterns of 
different communities. As we see, research using social media for planning purposes is 
a current exercise of several studies. 
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CHAPTER 2 LITERATURE REVIEW 
A. Environmental Context 
a) Millennium Ecosystem Assessment 
Ecosystems are around us, human beings, and at the same time we are part of 
them. As a result; its presence, conservation y preservation is vital for us. One 
effort to achieve this objective was the creation of the Millennium Ecosystem 
Assessment (MA) whose goal is to evaluate the effects of ecosystem change for 
human well-being and the scientific basis for action (Millennium Ecosystem 
Assessment, 2005). 
b) Ecosystem Services 
Anderson, et al. (2009) pointed out the importance of the ecosystems since these 
are responsible for supporting biodiversity, provide us some goods and services, 
and their location is essential for land management strategies. Hein, et al. (2006) 
said that since 1960s, analysis and assessment of ecosystem services is growing and 
economic valuation of these services is becoming a key point of interest today. 
The Millennium Ecosystem Assessment (MA) report 2005 defines an ecosystem 
as a dynamic complex of plant, animal, and microorganism communities and the 
nonliving environment interacting as a functional unit. Holland, et al. (2011) stated 
studies are being concentrated on the diversity of ecosystem goods and services, but 
temporal variation must be considered in the relationships. MA called Ecosystem 
Services: provisioning, regulating, cultural, and supporting services. 
Ecosystem services have had little attention in research to date. There are a few 
materials about the spatial and temporal scales where these are supplied. One of 
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them was an evaluation of the value of regulation services in the De Wieden 
wetlands in The Netherlands. The authors concluded that it is highly important to 
consider the scales of ecosystem services when assessing of services is applied so 
that better ecosystem management plans can be implemented (Hein, et al., 2006). 
Furthermore, people around the word have altered ecosystems. Some studies 
were made in functioning, assessment, and management of ecosystems. However, 
research has been focused on services, types, and geographical areas. An evaluation 
of the development and current status of ecosystem services was made from the 
Web of Science. The results were that the MA is the most recognized and cited 
definition for them, and ecosystem changes and vulnerability will be key issues in 
the future, (Vihervaara, et al., 2010). 
Human beings depend on ecosystem services, yet human consumption is 
damaging these ecosystems and their capacity of providing services. Consequently, 
we need to have a better understanding of these ecological resources and join it to 
the socioeconomic context so that we can develop better policies and plans for 
management (Kremen and Ostfeld, 2005). 
c) Cultural Services 
When you hear about people´s culture, we could define it as the roots or their 
identity. Even though MA considered cultural services as one of the four ecosystem 
services, we must take into account that these services are interrelated. In addition, 
some resources have more than one service. For instance, a waterfall is a 
provisioning service and a cultural one due to its aesthetic view. 
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Cultural ecosystem services are still not well defined within the Ecosystem 
Services. Nevertheless, diverse data and different methodologies have been 
developed so far in the social and behavioral sciences (Daniel, et al., 2012). 
We have, for instance, a study of cultural ecosystem services. The objective of 
this work was to give a current overview, classify the research approaches, and 
point out important challenges in these services. The authors stated in their finding 
that cultural ecosystem services are useful as a tool for academic disciplines and 
research (Milcu, et al., 2013). Thus, these services are relevant for this thesis. 
To add, cultural landscapes have been investigated in science, policy, and 
management. At the same time, cultural ecosystem services should be studied to the 
same extent. Also, their evaluation needs to be complemented by socio-cultural 
aspects. Finally, managing landscapes for ecosystem services may benefit from the 
social-ecological resilience perspective (Plieninger, et al., 2014). 
d) Aesthetic Services 
Many people say that nature is beautiful. Some of them believe it is a peaceful 
place to rest; others are amazed by the shapes and colors of the environment. 
Beauty is a non-material element. Indeed, this depends on the personal perceptions 
of people. Therefore, since nature gives us these non-material benefits, aesthetic 
services are listed as cultural services as well.  
In the United States, The National Environmental Policy Act (NEPA) requires 
federal agencies to integrate environmental values into their decision making 
processes (http://www.epa.gov/compliance/nepa). Since these environmental values 
are considered, their aesthetic value is as well.  
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The aesthetic appreciation of nature needs to take in account three elements: 
natural items should be appreciated under ideas of natural things; the aesthetic 
property depends on the right category of nature; and the natural world without 
human intervention is aesthetically good. Landscapes possess aesthetic values for 
people (Budd, 2000). Due to their subjective beauty, landscapes are a very 
important source for recreation, tourism, and pleasure. 
Aesthetics of nature are relevant for conservation and preservation purposes. 
Carlson (2010) in his essay assesses the relationship between contemporary 
environmental aesthetics and environmentalism by examining two traditional 
positions: the picturesque landscape approach and the formalist theory of art; and 
by examining two contemporary positions: the aesthetic of engagement and the 
scientific cognitivism. Finally, he concluded into five points that follow previous 
research of traditional aesthetic of nature and contemporary aesthetics of nature. 
Then, aesthetics of nature is one of the main matters in contemporary aesthetic. 
One example of the relationship between aesthetic services and geo-tagged 
photos from social media sources is presented by Hochmair (2010) who showed the 
spatial association of geo-tagged photos with scenic locations by analyzing scenic 
routes and frequency of geo-tagged photos posted on Web 2.0 along them. 
e) Assessment of Aesthetic Services 
People are still wondering how aesthetic services can be operationalized. Some 
studies have been made so far. One paper mentioned some approaches in landscape 
aesthetic, cultural heritage, outdoor recreation, and spiritual significance. The 
authors proposed models that link ecological structures and functions with cultural 
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values. The structures and functions based on ecosystems are definitively 
independent of human needs. Then, these are equally concrete and quantifiable 
whether or not they are used for food, spiritual purposes, or aesthetic goals (Daniel, 
et al., 2012).   
Stamps (1999) made a study of the demographic effects in environmental 
aesthetics. He stated that planning professionals will be required make aesthetic 
decisions on social or cultural factors.  
Yang, et al. (2014) made an evaluation of ecological and aesthetic values in five 
landscapes in Houguanhu, China. They used traditional data for their study such as 
a public aesthetic survey and professional ecological assessment. Finally, they 
found that natural landscapes supported aesthetic and ecological values and these 
values and integrated landscapes were related to landscapes characteristics and 
human activity.  
Operational definitions to assess aesthetics as cultural services are not often 
available. Some studies of aesthetic contributions of landforms, vegetative land 
cover, and water features pointed out natural capital. As a result, these are most 
consistent with efforts to define aesthetic services as a type of ecosystem services. 
Aesthetic quality has commonly assessed by perceptual surveys (Daniel, 2001). 
Dramstad, et al., (2006) made a study of monitoring of agricultural landscapes in 
which they analyzed the relationship between land use or land cover and 
biodiversity, cultural heritage and recreation. The authors concluded certain 
indicators based on spatial structure are important to landscape preferences in 
agricultural landscapes. 
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Unwin (1975) stated that the physical, perceptual and evaluative perception of 
landscapes is difficult to measure. He said this relationship is mainly 
environmental, and assessment of landscape quality can be in conflict with the 
observer’s preferences and opinions, or even more difficult with his culture and 
beliefs. 
Overall, nonetheless, perceptual evaluations of mainly natural landscapes have 
consistently shown consensus as opposed to disagreement.  Then, landscape 
aesthetic models fit into ecosystem services when their characteristic variables are 
chosen to give a link between ecosystem processes and conditions. Today, 
assessment of visual aesthetic quality is obtained by relative measures of 
landscapes scenes and observers (Stamps, 1999).  
For the purpose of this study, we only considered the landscape aesthetic for 
assessment; similar to Casalegno, et al., (2013) who made their study on the 
Panoramio data because these images measure better the aesthetic value of places 
rather than other similar websites.  
B. Social Media Data 
Unlike traditional data sources, social media data is created by people who do not 
realize that they are creating it. Social networks, for instance Facebook, store 
information that people uploaded every minute. Nevertheless; these people use this 
website for commuting, socializing, relaxing or even making friends. Then, social 
media data is the information that people made available and public through social 
networks.  
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The International Telecommunications Unions - ITU (2012) shows in its website the 
Percentage of individuals using the internet from 2000 to 2010. All over the world, the 
number of people using the internet has increased from 50% to almost 100%. In 2010, 
in countries such as Malvinas, Iceland, Norway, Netherlands, Luxembourg, and 
Sweden; more than 90% of people have used the internet. In countries such as 
Denmark, Finland, United Kingdom, Bermuda, Switzerland, South Korea, New 
Zealand, Germany, Canada, Qatar, Andorra, and France; more than 80% have used the 
internet. In the same way, the United States had a high percentage of 74% of people 
who used the internet in 2010. 
Collection of data has always been a matter of time. This process usually takes so 
much time to do. Nevertheless, a new term of “big data” has emerged as a new source 
which enables innovations and opportunities for investigation. The creation of massive 
amounts of data through many virtual sources has helped organizations, consultants, 
scientists, and academics (Goes, 2014). 
Some websites support geo-tagged information submission and sharing. These have 
recently been introduced and have accomplished much success in the commercial field. 
For example, many functions are available such as social networking (Facebook), 
micro-blogging (Twitter), photo sharing (Flickr), and location based check-in (Gowalla 
and Foursquare). Each one of these websites has millions of users and their submissions 
are an important basis of the big data (Liu, et al., 2014). 
In research, Welsh, et al. (2012) provided some advantages of geo-tagging 
photographs from social media sources such as the addition of metadata (usually 
latitude and longitude) for effective visualization and analysis.  They stated that over the 
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last decade, many people have used a GPS receiver and a camera for geo-tagging 
photographs which are linked to the time and date settings. 
Today, social media data is being used in different disciplines of study; for instance, 
in the medical field. In one study, the authors used newspaper articles from the 
LexisNexis database and Twitter. Their results contributed to the evaluation of The 
Cambridgeshire Guided Bus-way and the research of how the local population interacts 
with the infrastructure (Kesten, Cohn & Ogilvie, 2014). Thompson, et al (2014) show 
another use of social media data: business analysts and marketing planners obtain 
feedback from customers through social networks.  
In environmental planning, social media data can be used in many ways. Hyvärinen 
and Saltikoff (2010) used this data in meteorology as a complement to traditional 
weather observations using the photo-sharing service Flickr. Also, Casalegno, et al. 
(2013) used social media data from Panoramio to map the spatial distribution of 
ecosystem goods and assess the aesthetic value of ecosystems. Consequently, these 
studies can be used in environmental management in order to improve action plans, 
conserve natural resources, and promote cultural services. 
a) Application Programming Interface (API) 
There are several ways in which we can take advantages of the social media data 
through tools, programs, or software. Many of them are very expensive or difficult 
to find or operate. Nevertheless, there are some programs easy to use that are free-
cost and, at the same time; these are provided by the same photo-sharing websites 
such as Panoramio and Flickr. These programs are called Application Programming 
Interface. 
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API is defined as a language and message format to communicate with an 
operating system, control program, or communicational protocol. We have more 
than a thousand API calls in a full-blown operating system such as Windows, Mac 
or UNIX. (PC Magazine Encyclopedia: 
http://www.pcmag.com/encyclopedia/term/37856/api).  
 
Figure 01: How API works 
Source: http://moz.com/blog/apis-for-datadriven-marketers 
In other words, an API is an application which makes you able to obtain data 
from another application such as Facebook, Flickr, Panoramio or others to post this 
information in your own application or for research purposes as this paper did. 
b) Panoramio 
In the cyberspace, we have many websites dedicated for social networking. One 
of these sites is Panoramio. This website created in 2005 is a community picture 
sharing of cities, natural wonders, or others images. Panoramio only shows places 
(no people) and it is basic for the purpose of this thesis. 
(http://www.panoramio.com/help). 
Once members upload their photos into Panoramio, the pictures have to pass a 
filter to be shown on the Google Earth Panoramio layer. To do that, the 
photographs must be of places with no people or commercial messages. In order to 
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be accepted for showing on Panoramio, pictures must fulfill the “Panoramio 
acceptance policy for Panoramio photos” 
(http://www.panoramio.com/help/acceptance_policy). 
A study was made for accuracy position of images from Panoramio and Flickr. It 
concluded that Panoramio images were more accurate for most scene types than 
Flickr images. For Flickr images, a filter is applied to obtain photos of outdoor 
scenes while Panoramio images do not. Furthermore, Panoramio has its reference 
mapped to geo-tag images based on the Google Maps API (Zielstra and Hochmair, 
2013). 
Using Panoramio data, Andrienko, et al., (2009) made a study of analysis of 
community-contributed space- and timer referenced data using Panoramio data. 
They analyzed the spatial-temporal events and the geographic trajectories of 
people. Then, research Panoramio data is not a novel approach today. 
c) Flickr 
Similar to Panoramio website, Flickr is another image hosting website created in 
2004. In this website, people can share and embed personal photographs and 
videos. Members can upload photos, share them, and supplement them with 
metadata. Almost every feature on Flickr’s platforms is accompanied by a 
longstanding API program (Flick website, 2014). 
These materials can freely be accessed. Moreover, Flickr has its own API which 
is available for non-commercial uses by outside developers, and commercial uses 
are possible by prior arrangement. Similar Panoramio, there are some policy uses 
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stated from Flickr. This API is a service for members, developers, and integrators 
who can interact with photos beyond flickr.com (Flick website, 2014). 
C. Nebraska, Areas of Aesthetic Value 
The state of Nebraska is located in both the Great Plains and the Midwestern United 
States, approximately in the center of U.S. The state is characterized by treeless prairie, 
ideal for cattle-grazing. The Great Plains occupy the majority of western Nebraska. It 
consists of several smaller, diverse land regions, including the Sandhills, the Pine 
Ridge, the Rainwater Basin, the High Plains and the Wildcat Hills.  
For this paper, we selected the state of Nebraska. As we know most touristic 
attractions, natural landscapes and scenic views are located in the east or west coast of 
the United States. At least, they are more known than others. One goal of this thesis is 
to find, rediscover or improve these attractions in Nebraska for environmental 
management and economic development. 
Manning, et al., (2009) mentioned that rapid global change is challenging for 
researchers, policy-makers and land managers and proposed a new perspective of 
“landscape fluidity” that takes into account landscapes in the process of change. In the 
same way, it is important to see how areas of aesthetic value are preferred for people 
over time through this paper. 
As we mentioned before, we compared the locations of photos uploaded from social 
media sources and the areas of aesthetic value in Nebraska that are described later in 
this section. These eight areas of study are shown in the following map: 
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Figure 02. Ecological Map of Nebraska 
Source: The National Natural Landmarks Program, Nebraska Natural Legacy 
Project, Nebraska Game and Parks Commission, U.S. National Park Service, U.S. 
Forest Service, U.S. Fish & Wildlife Service and Nebraska Department of Natural 
Resources. 
a) Natural Landmarks 
In the United States, the National Park Service administers the National Natural 
Landmarks (NNL) Program. This program promotes the conservation of places 
with outstanding biological and geological resources 
(http://www.nature.nps.gov/nnl/). The state of Nebraska has five National Natural 
Landmarks as named below:  
 Ashfall fossil Beds 
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 Dissected Loess Plains 
 Fontenelle Forest 
 Nebraska Sand Hills 
 Valentine National Wildlife Refuge 
 
Figure 03: National Natural Landmarks in Nebraska 
Source: The National Natural Landmarks (NNL) Program, National Park Service, U.S. 
Department of the Interior. 
Likewise the landscapes, natural landmarks are important for aesthetic values.    
These five natural landmarks are a source of tourism, conservation and preservation 
of natural resources. Also, the scenic view of them is part of the cultural ecosystem 
services in the state of Nebraska.  
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b) Biologically Unique Landscapes 
The School of Natural Resources (SNR) of the University of Nebraska-Lincoln 
has developed the Nebraska Alliance for Renewable Energy and the Environment. 
One of the projects implemented is the Nebraska Natural Legacy Project to 
conserve biodiversity in Nebraska by using voluntary and non-regulatory 
opportunities 
(http://snr.unl.edu/renewableenergy/wind/windandwildlife.asp#legacy). 
This project has chosen landscapes based on presence of natural communities 
and at-risk species. These landscapes give opportunities for biodiversity 
conservation in Nebraska. There are over 30 landscapes across Nebraska as 
Biologically Unique Landscapes that are shown in the following map: 
 
Figure 04: Biologically Unique Landscapes 
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Source: Nebraska Natural Legacy Project: Biologically Unique Landscapes 
Anderson, et al., (2009) stated ecosystems support biodiversity and also provide 
the called ecosystem services for people. In addition, they said that the location of 
the ecosystem services that coincide with the biologic diversity is a key component 
for environmental management in lands.  
Egoh, et al. (2099) studied congruence between biodiversity and ecosystem 
services in South Africa and they found that there were some congruence, overlap 
and correlations between them. Consequently, biologically unique landscapes are 
related to ecosystem services (cultural ones as well). 
c) State Parks 
There are other locations that have some aesthetic value for people. These are 
the state parks. These sites provide some recreational activities such as camping or 
hunting; however, they give cultural views of the sites and scenic beauty 
(http://outdoornebraska.ne.gov/admin/commission/index.asp). For the analysis of 
this study, we took in account the following categories (we did not consider the 
fourth category: the State Recreational Trails): 
 State Parks: public areas with scenic, scientific, and historical values. 
 State Recreation Areas: areas with outdoor recreational values. 
 State Historical Parks: areas with historical importance. 
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Figure 05: Nebraska State Parks 
Source: Nebraska Game and Parks Commission 
d) National Parks/Lands 
The U.S. National Park Service administrates some areas with significant value. 
These places are named as national monuments, historic sites, scenic rivers, 
recreational river, and historical trails. All of these have aesthetic value that we 
assessed. In Nebraska, we have the following national parks that we used for this 
study (we did not consider the Historical Trails): 
 Agate Fossil Beds National Monument 
 Scotts Bluff National Monument 
 Homestead National Monument of America 
 Chimney Rock National Historic Site 
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 Niobrara National Scenic River 
 Missouri National Recreational River 
 
Figure 06: Nebraska National Parks/Lands 
Source: Nebraska National Parks, U.S. National Park Service 
e) National Forests and Grasslands 
In the same way as the state parks and national parks, National Forests and 
Grasslands in Nebraska are sources of aesthetic value due to their scenic views. 
These areas are formed by one tree nursery, two national forests, and three national 
grasslands which are located in the center and west of Nebraska where recreational 
and natural values are found. (http://www.fs.usda.gov/nebraska)   
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Figure 07: Nebraska National Forests 
Source: Nebraska National Forests and Grasslands, U.S. Forest Service 
f) National Wildlife Refuges 
Biodiversity is an aesthetic value as well. Some scenic views of wildlife are 
considered as cultural aesthetical values. The National Wildlife Refuge System of 
the U.S. Fish & Wildlife Service administrates lands and water to conserve, 
manage, and restore of biodiversity and habitats in the United States 
(http://www.fws.gov/refuges/about/mission.html). The following are the wildlife 
refuges located in the state of Nebraska for our study: 
 Boyer Chute   
 Crescent Lake  
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 Fort Niobrara   
 John W. and Louise Seier   
 North Platte  
 Rainwater Basin Wetland Management District   
 Valentine 
 
Figure 08: Nebraska National Wildlife Refuges 
Source: National Wildlife Refuge System, U.S. Fish & Wildlife Service 
g) Surface Water of Nebraska 
We considered the surface water resources in Nebraska because these water 
bodies are cultural ecosystem services as well. Some landscapes and landmarks are 
25 
 
formed for water bodies such as waterfalls, streams, or rivers. Then, they are 
important for the analysis of aesthetic values. 
Nebraska has administrated the use of the State’s surface water resources since 
1895. This includes surface water utilized for irrigation, hydropower, industrial use, 
municipal use, domestic use, storage, and others. The agency which is responsible 
for surface water rights, collection and reporting of data is the Nebraska 
Department of Natural Resources (NDNR). Its jurisdiction involves storage, 
irrigation, power, manufacturing, in-stream flows and other beneficial uses.  
In this thesis, we considered major streams and major lakes in Nebraska as we 
can see in the following map: 
 
Figure 09: Nebraska Surface Water 
Source: Nebraska Department of Natural Resources. 
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CHAPTER 3 RESEARCH OBJECTIVES AND METHOD 
A. Objectives 
The main goal of this thesis is to evaluate, using a new approach, the aesthetic value 
of cultural ecosystem services by quantifying geo-tagged digital photographs uploaded 
to social media resources, in this case to Panoramio and Flickr websites. In addition, we 
compared the resulting data with the location of natural landmarks, biologically unique 
landscapes, state parks, national parks, national forests and grasslands, national wildlife 
refuges, and surface water bodies (major streams and major lakes) in the state of 
Nebraska. Moreover, we found new areas with aesthetic value and made a statistical 
correlation analysis with population data from Census 2010.  
B. Methodology 
a) Panoramio API 
This is the API from Panoramio. With this tool, anybody can display photos 
from Panoramio on his own website. One important aspect of this data is that it is 
free for both commercial and non-commercial purposes. Since we needed to select 
the geographical coordinates, we used the Java Script library method to access to 
the photographs available on Panoramio 
(http://www.panoramio.com/api/widget/api.html). We used the following valid 
field for a request object in Panoramio API: 
Table 01. Panoramio API Parameters 
Name E.g. value Meaning 
rect {'sw': {'lat': This option is only valid for requests where you do not use the 
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-30, 'lng': 
10.5}, 'ne': 
{'lat': 50.5, 
'lng': 30}} 
ids option. It indicates that only photos that are in a certain area 
are to be shown. The area is given as a latitude-longitude 
rectangle, with sw at the south-west corner and ne at the north-
east corner. Each corner has a lat field for the latitude, in degrees, 
and a lng field for the longitude, in degrees. Northern latitudes 
and eastern longitudes are positive, and southern latitudes and 
western longitudes are negative. Note that the south-west corner 
may be more "eastern" than the north-east corner if the selected 
rectangle crosses the 180° meridian. 
Source: www.panoramio.com/api/widget/api.html 
Panoramio website provides freely a tool in order to extract data from the 
photographs and download them. Using the Panoramio API, people can display 
photos from Panoramio in their own websites. Nevertheless, for this study, we 
focused on the designed aesthetic locations. Since these pictures are geo-located, 
we extracted their UTM coordinates: longitude and latitude.  
b) Flickr API 
This is the API from Flickr. With this tool like Panoramio, anybody can display 
photos from Flickr with the required permissions. One important aspect of this data 
is that it is free for non-commercial purposes, yet with authorization for commercial 
ends. Since we needed to select the geographical coordinates too, we used one of 
the Request Formats to obtain data from the photographs. 
Similar to Panoramio, Flickr website provides freely a tool in order to extract 
data from the photographs and download them. Using the Flickr API, people can 
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upload and share their photos and interact with family, friends, or contacts in the 
community. Nevertheless, for this study, we focused on the locations as well. Since 
these pictures are geo-located, we extracted their UTM coordinates: longitude and 
latitude.  
C. Data Collection 
In order to collect the needed data, we used the Panoramio Widget API and the 
Flickr API. For doing this, we needed some basic knowledge in programming. The 
Panoramio website specifically explains the way of using its API. It's a very simple 
REST api, you only have to do a GET on:  
 
 For "set" you can use: public (popular photos), full (all photos), or user ID number 
 For "size" you can use: original, medium (default value), small, thumbnail, square, 
or mini_square. 
 You can define the number of photos to be displayed using "from=X" and "to=Y", 
where Y-X is the number of photos included. The value 0 represents the latest 
photo uploaded to Panoramio. For example, "from=0 to=20" will extract a set of 
the last 20 photos uploaded to Panoramio, "from=20 to=40" the previous set of 20 
photos and so on. The maximum number of photos you can retrieve in one query is 
100. 
 The minx, miny, maxx, maxy define the area to show photos from (minimum 
longitude, latitude, maximum longitude and latitude, respectively). 
http://www.panoramio.com/map/get_panoramas.php?set=public&from=0&to=20
&minx=-180& miny=-90&maxx=180&maxy=90&size=medium&mapfilter=true 
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 When the map filter parameter is set to true, photos are filtered such that they look 
better when they are placed on a map. It takes into account the location and tries to 
avoid of returning photos of the same location. 
Likewise, Flick website explains how to use their API: 
REST is the simplest request format to use - it's a simple HTTP GET or POST 
action. The REST Endpoint URL is https://api.flickr.com/services/rest/. To request the 
flickr.test.echo service, invoke like this: 
https://api.flickr.com/services/rest/?method=flickr.test.echo&name=value. By default, 
REST requests will send a REST response. 
 
After logging in the previous link we set the following parameters in our search: 
 tags:   nebraska, (landscapes) 
 bbox:   -104.5, 39.5, -94.8, 43.5 
 extras:   description, license, date_upload, date_taken, owner_name, 
icon_server, original_format, last_update, geo, tags, machine_tags, o_dims, 
views, media, path_alias, url_o 
 per_page:  500 
 page:   1 
 Output: JSON and "Sign call with no user token?" 
These parameters return a list of photos matching some criteria. Only photos visible 
to the calling user are returned. To return private or semi-private photos, the caller must 
https://www.flickr.com/services/api/explore/flickr.photos.search 
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be authenticated with 'read' permissions, and have permission to view the photos. 
Unauthenticated calls only return public photos. The arguments used are explained as 
follows: 
 tags (Optional): A comma-delimited list of tags. Photos with one or more of the tags 
listed will be returned. You can exclude results that match a term by prepending it 
with a - character. 
 bbox (Optional): A comma-delimited list of 4 values defining the Bounding Box of 
the area that will be searched. The 4 values represent the bottom-left corner of the box 
and the top-right corner, minimum_longitude, minimum_latitude, 
maximum_longitude, maximum_latitude. Longitude has a range of -180 to 180, 
latitude of -90 to 90. Defaults to -180, -90, 180, and 90 if not specified. Unlike 
standard photo queries, geo (or bounding box) queries will only return 250 results per 
page. Geo queries require some sort of limiting agent in order to prevent the database 
from crying. This is basically like the check against "parameterless searches" for 
queries without a geo component. A tag, for instance, is considered a limiting agent 
as are user defined min_date_taken and min_date_upload parameters — If no limiting 
factor is passed we return only photos added in the last 12 hours (though we may 
extend the limit in the future). 
 extras (Optional): A comma-delimited list of extra information to fetch for each 
returned record. Currently supported fields are: description, license, date_upload, 
date_taken, owner_name, icon_server, original_format, last_update, geo, tags, 
machine_tags, o_dims, views, media, path_alias, url_sq, url_t, url_s, url_q, url_m, 
url_n, url_z, url_c, url_l, url_o 
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 per_page (Optional): Number of photos to return per page. If this argument is 
omitted, it defaults to 100. The maximum allowed value is 500. 
 page (Optional): The page of results to return. If this argument is omitted, it defaults 
to 1. 
The acquired data from both sources (Panoramio and Flickr) was formatted using 
JavaScript Object Notation (JSON) which is a lightweight data-interchange format. 
Once we had the data in JSON format, we converted them into comma separated values 
(CSV) table format that allows data to be saved in a structured table format. Then, we 
used this CSV table in ArcGIS in order to map the data and apply spatial analysis. In 
addition, some maps were provided or created from the specific sources: 
Table 02. Maps and Sources 
Map Source 
Nebraska Natural Landmarks 
The National Natural Landmarks (NNL) Program, 
National Park Service, U.S. Department of the 
Interior. 
Nebraska Biologically 
Unique Landscapes 
The Nebraska Natural Legacy Project, Nebraska 
Wind Energy and Wildlife Project, School of 
Natural Resources, UNL 
Nebraska State Parks Nebraska Game and Parks Commission 
Nebraska National 
Parks/Lands 
Nebraska National Parks, U.S. National Park 
Service 
Nebraska National Forests 
and Grasslands 
Nebraska National Forests and Grasslands, U.S. 
Forest Service 
Nebraska National Wildlife 
Refuges 
National Wildlife Refuge System, U.S. Fish & 
Wildlife Service 
Nebraska Surface Water Nebraska Department of Natural Resources. 
Nebraska Population U.S. Census 2010 
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D. Data Analysis 
Basically, we mapped the spatial distribution of photographs and compared the maps 
with the other maps using spatial statistical analysis such as hotspots and clusters, and 
found spatial relationships. We answered each research question as follow: 
 For hotspots and clusters, we used local statistics to detect clusters. GIS Spatial 
Statistical toolsets provided the Cluster/Outlier Analysis with Rendering of 
ArcGIS. By using this tool, we found where points were concentrated (photographs 
taken) statistically significant at a 95% confidence level. 
 For spatial relationships between datasets, we used a density ratio: number of 
pictures divided by the area in square miles. This indicator identified what type of 
areas of aesthetic value was more relevant for people to visit. By using this density 
ratio; we found preferential relationships. 
 For new aesthetic value areas, we identified clusters outside the current locations of 
the study areas by using the Cluster/Outlier Analysis with Rendering of ArcGIS 
and determining statistically significant clusters of cold spots which differ from hot 
spots in what are clusters of low-low values. 
 For relationships with population, we created maps of the population at county, 
census track, block group, and block levels from the 2010 Census data. Then, we 
counted the number of photographs located inside these areas levels and found the 
density by taken the number of pictures and divided them by the population. 
Finally, we applied statistical correlation analysis. 
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CHAPTER 4 ANALYSIS 
A. Social Media Database 
The database used for this paper was obtained from Panoramio and Flickr websites. 
Panoramio data was selected and filtered by the owners for the specific purposes of this 
thesis while Flickr data had to be selected and filtered by us using key words that reflect 
aesthetic values in Nebraska. The total number of pictures obtained from Panoramio was 
1967 photographs which did not need be filtered by any key word.  
From Flickr, the following key words were used to select these data: forest, landmark, 
landscapes, nature, park, water, wildlife, wetland, river, lake, Sandhill Crane, waterfall, 
beautiful, stream, wilderness, scenic, grassland, bird, ecosystem, prairie, creek, sand hills, 
grass, plains, and oak. From them, most pictures were found by the following key words: 
nature, park, water, wildlife, river, lake, bird, and plains (over 1000 photos).  
We selected this set of key words based on the assumption that they are related to the 
potential natural resources for aesthetic values in the state of Nebraska specifically. These 
key words were chosen based on personal criteria and previous studies made with this 
type of data. As can be seen, some key words gave us more data for the evaluation: 
Table 03. Number of Pictures from Flickr 
Key Word Cases 
plains 3746 
bird 2997 
park 2675 
nature 2150 
wildlife 1244 
water 1234 
river 1094 
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lake 1036 
prairie 605 
grass 520 
sand hills 455 
scenic 413 
landscapes 133 
beautiful 133 
creek 131 
forest 124 
landmark 102 
waterfall 91 
Sandhill Crane 84 
grassland 60 
wetland 51 
ecosystem 40 
stream 37 
oak 37 
wilderness 29 
Total 19221 
 
Both sets of photographs from Panoramio and Flickr have some similar 
characteristics. However, we only considered six of them for this study: picture ID, 
owner ID, date taken, Uniform Resource Identifier (URL) of internet, and Universal 
Transverse Mercator (UTM) coordinates (latitude and longitude). The dates taken gave us 
the period in which these data was collected. In order to map the photographs in GIS, we 
used the UTM coordinates from each photo.  
For this paper, we used the World Geodetic System (WGS) of 1984 as Geographic 
Coordinate System, and the WGS_1984_UTM_Zone_14N as Projected Coordinate 
System which is the best projection for the state of Nebraska. In addition, we created a 
buffer of 35 miles around the state of Nebraska Boundary because some photos located 
outside can have an impact on areas located inside of the boundary.  
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B. Area of Study 
The total number of photographs mapped was 20818. However, one important fact 
that we must point out is that urban areas were excluded from the data acquired for this 
thesis. Urban areas had almost 7000 pictures within them, in particular the city of Lincoln 
and city of Omaha, for instance. Having the goal of evaluating the aesthetic value in 
Nebraska, we excluded these data. After doing this, we had 13,884 photographs. Again, 
nevertheless, we had to consider the pictures located inside of the buffer of 35 miles. 
Finally, we had 9343 pictures as a final number of photographs to analyze. 
In order to have a better understanding of the relationship between the locations of 
photographs and the location of areas of aesthetic value (landscapes, natural landmarks, 
state parks, national parks, national forests and grasslands, national wildlife refuges, and 
surface water bodies), we created a density ratio: number of pictures divided by the area 
in square miles. This indicator identified what type of areas of aesthetic value were more 
relevant for people to visit, and consequently, and take a picture for Panoramio or Flickr. 
Moreover, it identified what types of areas of aesthetic value were less attractive for 
people, and possibly, those needing to be maintained, repaired, or improved. 
As Carlson (2010) in his essay, he found the relationship between contemporary 
environmental aesthetics and environmentalism by examining two traditional positions 
and two contemporary positions. He concluded with five points that follow previous 
research of traditional aesthetic of nature and contemporary aesthetics of nature. Then, 
aesthetics of nature is one of the main matters. 
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C. Spatial Statistical Analysis 
Since local statistics are useful to detect clusters, GIS Spatial Statistical provided the 
Cluster/Outlier Analysis with Rendering. This tool gives a set of weighted features, 
identifies hot spots, cold spots, and spatial outliers using the Anselin Local Moran's I 
statistic and, then, applies cold-to-hot rendering to the z-score results. The values 
assigned for each photograph is determined by the location of each picture in the areas of 
aesthetic value. For instance, if one photograph is only located within a national park, this 
one has a value of 1; if one photo is located within a national park and a wildlife refuge at 
the same time, this one has a value of 2; and so forth. In other words, pictures with high 
values are more likely to have a higher aesthetic value than others. 
In the same way, the Cluster/Outlier Analysis with Rendering provided the z-scores 
and p-values that are measures of statistical significance which tell you whether or not to 
reject the null hypothesis, feature by feature. In effect, they indicate whether the apparent 
similarity or a spatial clustering. For this thesis, we considered that high positive z-score 
for a feature indicates that the surrounding features have similar values (either high 
values or low values). The COType field in the Output Feature Class is HH for a 
statistically significant (0.05 level) cluster of high values and LL for a statistically 
significant (0.05 level) cluster of low values. We used a 95% confidence level. The LL 
clusters show possible new areas, specially, where pictures are not within existing ones. 
D. Link to Population 
For comparison with population data, we obtained maps of the population of the state 
of Nebraska at county, census track, block group, and block levels from the 2010 Census 
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data. Then, using these geographical areas, we counted the number of photographs 
located inside these areas at county, census track, block group, and block levels. Then, 
we found the density by taking the number of pictures and dividing them by the 
population. This ratio is represented in number of pictures/population. Finally, we applied 
statistical correlation analysis. To add, population gave us the relationship between the 
number of photographs and the number of people living in those areas who possibly took 
these pictures. However, we must consider that tourists maybe also took pictures there. 
 
Figure 10. Flow Chart Analysis 
As we can see, we used non-traditional data for this new approach. Yang, et al. 
(2014) made an evaluation of ecological and aesthetic values and used traditional data 
such as a public aesthetic survey and professional ecological assessment. However, 
papers like those are one of the bases for this thesis.  
Kisilevich, et al. (2010) made a study of analysis of attractive places, points of 
interest and comparison of behavioral patterns of different users on geo-tagged photo data 
by using statistical and data mining algorithms and interactive geo-visualization. Our 
analysis is similar to these authors, but we have specific goals for purpose of this thesis.  
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CHAPTER 5 RESULTS 
Using the 9343 geo-tagged photos collected, we overlapped them with the areas of 
study to find the total number of pictures located inside each area. In the same way, we 
divided them by the area to obtain a density ratio. We need to point out that we 
considered a buffer of 1/8 of mile around the areas of study to take into account points 
related to them which may not be inside these areas. The results are shown in the 
following table: 
Table 04. Density Ratio by Area of Study 
Areas of Study 
Number of 
Pictures 
Percentage 
of total 
dataset 
Area 
(Square 
Miles) 
Density (Number 
of Pictures/Area) 
Natural Landmarks 686 7.3% 21997.30 0.0311 
Biologically Unique 
Landscapes 
3662 39.2% 33297.86 0.110 
State Parks 840 9.0% 180.94 4.642 
National Parks/Lands 274 2.9% 133.76 2.048 
National Forests and 
Grasslands 
32 0.3% 621.00 0.052 
National Wildlife 
Refuges 
65 0.7% 280.77 0.232 
Major Streams 2631 28.2% 4947.88 0.532 
Major Lakes 603 6.5% 718.90 0.839 
 
As we can see in the above table, Biologically Unique Landscapes and Major Streams 
have the highest number of photos taken in those areas (3662 and 2631 respectively). 
Nevertheless, State Parks and National Parks have the highest density ratio in those areas 
(4.64 and 2.05 pictures by square mile). The following bar chart shows us a better view 
of the density across the study areas: 
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Figure 11. Density Ratio 
Since the density ratio is influenced by the area of the study regions, these values 
present State Parks and National Parks as the most attractive place for visiting according 
to the social media data obtained. In addition, we may say that these places are more 
attractive than others because of the establishment of them as touristic areas. 
Consequently, this fact gave it a higher probability to be selected for people. 
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A. Location of Clusters 
Using the Cluster/Outlier Analysis with Rendering of the GIS Spatial Statistical 
toolset from ArcGIS, we found clusters of both hot spots and cold spots which are 
statistically significant at 95% confidence level, as we can see the in the following map:  
 
Figure 12. Hot Spots and Cold Spots Clustering 
 
Clusters of hot spots are located mainly in the north, west, and southeast parts of 
Nebraska. These areas of high-high values or hot spots were located based on the location 
and value of the photographs. 
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Figure 13. Hot Spots Clustering 
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B. Relationship Between Clusters and Areas of Aesthetic Values 
a) Natural Landmarks: 
Clusters are located within some natural landmarks, in particular on the 
Nebraska Sand Hills which cover a great area in Nebraska. 
 
Figure 14. Hot Spots Clustering - Natural Landmarks 
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b) Biologically Unique Landscapes: 
According to the following map, most of the photographs from social media are 
located within the biologically unique landscapes based on presence of natural 
communities and at-risk species. Consequently, people are aware of these sites and 
prefer to visit them for different purposes. 
 
Figure 15. Hot Spots Clustering - Biologically Unique Landscapes 
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c) State Parks: 
Geographically, state parks are not too much related to the location of 
photographs taken from Panoramio and Flickr. Nevertheless, some of them are 
close to state parks in the north-west part of Nebraska, and close to Lincoln and 
Omaha cities.  
 
Figure 16. Hot Spots Clustering - State Parks 
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d) National Parks/Lands: 
Within the national parks, two places have a significant number of clusters. 
Those are the Niobrara National Scenic River and the Missouri National 
Recreational River. Photographs of aesthetic values are located close to scenic 
rivers, as a result, people choose places with a beautiful body of water for visiting. 
 
Figure 17. Hot Spots Clustering - National Parks/Lands 
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e) National Forests and Grasslands:  
Photographs taken from people are located mainly to the Nebraska National 
Forest and the Oglala grassland, in particular in the north-west area of Nebraska as 
we can see in the following map: 
 
Figure 18. Hot Spots Clustering - National Forests and Grasslands 
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f) National Wildlife Refuges:  
These areas of aesthetic value have significant number of clusters with them 
even though they are small. According to the following map, photographs from 
social media are located within these refuges:  
 
Figure 19. Hot Spots Clustering - National Wildlife Refuges 
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g) Major Streams: 
Streams are a valuable resource of aesthetic view for people. Consequently, we 
can see that people took photographs close to these water bodies throughout the 
entire state of Nebraska. 
 
Figure 20. Hot Spots Clustering - Major Streams 
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h) Major Lakes: 
Similar to major streams, lakes are very attractive to visitors for recreation, 
tourism, or relaxing. According to the following map, people prefer to take photos 
in areas close or near lakes: 
 
Figure 21. Hot Spots Clustering - Major Lakes 
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i) All Study Areas: 
Clusters of high-high values are located in least at one of the eight areas of 
aesthetic areas in this thesis. Although there are other clusters, we took into account 
statistically significant clusters using spatial statistical GIS tools. As we can see in 
the following map, theses clusters are shown: 
 
Figure 22. Hot Spots Clustering – Study Areas 
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C. New Areas of Aesthetic Value 
Clusters of cold spots were found for this goal. These areas have a high number of 
photographs taken, however those are not mainly located within one of the eight areas of 
aesthetic value or inside of Nebraska that we used for this thesis. Therefore, new 
aesthetical places can be discovered as we see in the following map: 
 
Figure 23. Cold Spots Clustering 
 
Some clusters are located in the north-west area of Nebraska in the Sheridan and Box 
Butte counties. Other random clusters are spread over the east part of Nebraska. In 
additions, several clusters are located in the southern part in the Hitchcock, Red Willow, 
Furnas, Franklin, Webster, and Nuckolls counties. Likewise, some clusters in the south-
west area are in the Kimball, Cheyenne, and Deuel counties.  
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Figure 24. Cold Spots Clustering – Study Areas 
 
In the previous map, we can see specifically three areas of clusters which are not 
located within any of the eight study areas. Those are the areas in the Sheridan and Box 
Butte counties (north-west) and in the Kimball, Cheyenne, and Deuel counties (south-
east). We called them as zones 1, 2, and 3 (red ellipses in the map). 
 Zone 1: This area has 1660 photographs of clusters. The total number of pictures of 
this area come from the Flickr website and they have a key word: “bird” 
 Zone 2: This area has 48 photographs of clusters. 34 pictures come from Flickr and 
14 pictures come from Panoramio. 22 out of the 34 Flickr photos have “sand hills” as 
keyword. 
 Zone 3: This area has 21 photographs of clusters. 5 pictures come from Flickr and 16 
pictures come from Panoramio. 
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D. Relationship Between Photographs Data and Population 
At county level, within the 93 counties that belong to the state of Nebraska, we can 
see some regions where there is a high ratio of photographs taken by people living in 
those areas. Counties in the north-west part of the state have the higher density such as: 
Sheridan, Blaine, Cherry, Grant, Hooker, Thomas, Arthur, MsPherson, Logan, and Keith.  
 
Figure 25. Population Density – County Level 
After applying statistical correlation analysis, we found a Pearson Correlation 
Coefficient of 0.322. It means, there is a direct relationship of 32.2% between pictures 
taken and population at county level at 95% confidence level.  
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At Census Track level, the pattern found is similar to county level. Census tracks with 
higher ratio are located in the north-west and north-center of Nebraska. However, there 
are some tracks with high density close to the city of Lincoln and the city of Omaha as 
we can see in the following map: 
 
Figure 26. Population Density – Census Track Level 
After applying statistical correlation analysis, we found a Pearson Correlation 
Coefficient of -0.057. It means, there is a very weak indirect relationship of 5.7% 
between pictures taken and population at census track level at 95% confidence level.  
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At Block Group level, we have a different scenario. The geography used in the 
analysis can influence the distribution of the population density. Block groups with a 
higher ratio of number of pictures by population are concentrated in the western part of 
Nebraska and some north-center parts ones. At the same time, some block groups in the 
south-center and south-east (close to Lincoln and Omaha as well) have the same pattern. 
 
Figure 27. Population Density – Block Group Level 
After applying statistical correlation analysis, we found a Pearson Correlation 
Coefficient of 0.036. It means, there is a very weak direct relationship of 3.6% between 
pictures taken and population at block group level at 95% confidence level.  
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At Block level, finally, the results are very alike to the previous map. Blocks with 
higher ratio are spread over the west of Nebraska. White areas show blocks that have no 
population according to the Census 2010 data. 
 
Figure 28. Population Density – Block Level 
After applying statistical correlation analysis, we found a Pearson Correlation 
Coefficient of 0.003. It means, there is a very weak direct relationship of 0.3% between 
pictures taken and population at block level at 95% confidence level. Finally, we summed 
up all of the statistical analysis as follow: 
Table 05. Correlation Analysis - Population 
Population Level 
Pearson Correlation 
Coefficient 
Two-tailed 
Significance 
N 
County 0.322 0.002 93 
Census Track -0.057 0.188 532 
Block Group 0.036 0.148 1633 
Block 0.003 0.245 193352 
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CHAPTER 6 DISCUSSION 
The results of this study gave us the importance of the natural resources in the state of 
Nebraska composed as ecosystems which bring their cultural services (one of the 
ecosystem services), specifically in this case, their aesthetic services to people. As 
Kremen and Ostfeld (2005) stated, human beings depend on ecosystem services. 
Therefore, research of aesthetic values is a relevant matter. The main sources of aesthetic 
value are found on natural landscapes as Budd (2000) stated that landscapes possess 
aesthetic values for people. 
As we have seen in previous research, operationalization of aesthetic value can be 
challenging. Linkage between ecological structures and cultural values (Daniel, et al., 
2012); demographic effects in environmental aesthetic (Stamps, 1999); evaluation of 
ecological and esthetic values (Yang, et al., 2014); and monitoring of agricultural 
landscapes (Dranstad, et al., 2006) are some examples of studies. Nonetheless, most 
researches are based on traditional data. 
By using social media sources as a database, we evaluated the aesthetic value in 
Nebraska with a new approach that could be considered as alternative but not as unique. 
Welsh, et al. (2012) provided some advantages of geo-tagging photographs such as the 
addition of metadata to display these data into a map. Then, several maps were developed 
to visualize the results. Nebraska has good sources of ecosystem services. Martín-López, 
et al. (2012) pointed out that socio-cultural dimensions of them can reveal important 
services, the factors of preference, and trade-offs.  
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Today, almost every person is using the internet for many purposes. All over the 
world, the number of people using the internet has increased from 50% to almost 100% 
(The International Telecommunications Unions – ITU, 2012). This fact led as to consider 
social media data as an important source of research which is gradually being utilized by 
professionals, scientists, academics, and so forth. From these websites, we used 
Panoramio and Flickr because they serve mainly for this thesis. 
The method used in this paper was a spatial statistical analysis. Once we had the data 
available, the following step was to make a valid analysis. Even though mapping of 
individual points that represent the location of pictures taken from people and 
overlapping them with the areas of study is a good approach, this is not enough. That is 
why, we applied statistical analysis to test the significance of these results using the 
Cluster/Outlier Analysis with Rendering and correlations of the Pearson Coefficient. 
One of the relevant findings is the fact that the study areas stated at the beginning of 
this thesis were the principal areas where photographs were taken by people. In other 
words, these study areas are the main sources of aesthetic value (cultural services) for the 
state of Nebraska, in particular in north-western part of Nebraska. Another relevant 
finding is that new areas of aesthetic services are pointed out in order to make efforts to 
take advantages from these specific sources. 
Overall, we can say that this thesis has used both qualitative and quantitative 
methods so that the natural resources as ecosystems in the state of Nebraska can be a 
matter of importance for purposes of recreation, tourism or conservation. Moreover, more 
research using social media data can be performed based on this paper. 
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A. Meaning of Findings 
In the first objective of this thesis, clusters of hot spots found to determine areas of 
clusters were made with spatial statistical tools, as a result, we have a high confidence in 
the results. Location and value of each photograph were taken into account for assessing 
these areas. First, the location of the photographs was given in UTM coordinates by the 
owners or users of the pictures using simple or sophisticated GPS from cellphones to 
GPS devices. Consequently, the accuracy of the location could not be precise at 100%. 
Nonetheless, since the analysis was made at state level (state of Nebraska), a very 
accurate precision it is not necessary for this analysis. For small areas such as census 
tracks or block groups, more accuracy should be required for different purposes. Second, 
after assigning a value for each photograph, we had a minimum value of 0 and a 
maximum value of 6. Statistically significant clusters if high-high value (5 or 6) were 
considered for the first goal. 
In the second objective of this thesis, first of all, we found that Biologically Unique 
Landscapes and Major Streams have the highest number of pictures, but State Parks and 
National Parks have the highest density ratio. These results show us that we need to 
consider a more in deep analysis for this paper. Consequently, we did it in the next part. 
Secondly, we made the comparison between the previous clusters of high-high values and 
each one of the eight areas of aesthetic value. Even though we have some partial results 
individually, we must not forget that some areas of aesthetic values can overlap one 
another. That is why; we assigned a value to identify data with these characteristics. 
Another aspect that we must consider is that some areas of study have a larger area rather 
than others for example the Natural Landmarks, the Biologically Unique Landscapes, the 
60 
 
Major Streams, and the Major Lakes. Therefore, this fact can influence the results of this 
thesis. Nevertheless, in the final maps of this section (clusters vs. all areas of aesthetic 
value), we can see these statistically significant clusters are within these areas of study. 
In the third objective of this thesis, clusters of cold spots were identified. In other 
words, the maps show clusters with low-low values. Since these clusters have values of 0 
or 1, they display areas where photographs are not located within one of the areas of 
study and we called these areas as zones 1, 2, and 3. Even though zone 1 has a lot higher 
number of photographs than the other zones, we should consider that these pictures are 
related to the key word “bird”. Consequently, this zone has a significant value for 
watching birds apparently. On the other hand, zones 2 and 3 have no specific reason why 
people took pictures there. However, further analysis can demonstrate the opposite. In the 
same way, some clusters of cold spots look not to be significant at first glance, but 
detailed and further studies could discover new attractiveness from those places for 
specific purposes. 
In the fourth objective of this thesis, population is was related to the number of 
pictures taken assuming that more populated areas took a higher number of photos. In 
addition, we can see some pattern at different population level. Nonetheless, it is possible 
that some people who took pictures were people not living over these places such as 
visitors, tourists, or investigators. Likewise, the statistical correlation analysis did not 
show any relationship that can be statistically significant. As a result of this analysis we 
could not be confident of the assessment of aesthetic value in the state of Nebraska. 
Although this is true, we could use these results as an indicator of the distribution of 
population over areas of aesthetic values for further research purposes. 
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B. Importance and Implications to Planning 
Today, a wide range of fields of study are using social media data as a data source 
such as Sociology, Marketing, Tourism, Business, and others. In the same way, Urban 
Planning can use this data source for diverse purposes: to find preferences of people for 
living in some places, to identify social issues among them, to measure the level of 
socialization in a community, to evaluate services provided for them, to promote services, 
and so on. 
This new method can support traditional approaches, for instance, Yang, et al. (2014) 
who used traditional data for their study such as a public aesthetic survey and 
professional ecological assessment and found relationships between aesthetic and 
ecological values and integrated landscapes. Using social media data can improve 
investigations like those mentioned before. 
This thesis had an explicit focus on environmental planning. Our results can be used 
for environmental management. Knowing where people prefer to visit can help the 
conservation and preservation of natural resources or to improve tourism. In addition, we 
can address efforts to protect biodiversity in those places that are related to the beauty of 
them. 
In environmental policymaking, these outcomes can support policies to protect and 
conserve areas of aesthetic values. Since people provided these data in direct or indirect 
ways, this fact makes people involve in policymaking, and at the same time, their 
preferences and concerns are taken into account for the planning process as public 
participation and public involvement.  
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As Kremen and Ostfeld (2005) said human beings depend on ecosystem services, yet 
human consumption is damaging these ecosystems and their capacity of providing 
services. Consequently, they stated that we need to have a better understanding of these 
ecological resources and join it to the socioeconomic context so that we can develop 
better policies and plans for management. 
Selman (2010) clarified the importance of landscape planning as a source of 
protection, amenity, and ornament. In addition, this author said landscape planners have 
identified with the core concerns of spatial planning at the beginning of the 21st century. 
Then, benefits we obtain from landscapes should be one of the main concerns today and 
the management of them should have priority in environmental planning. 
Many times, in order to obtain information and evaluate them for diverse purposes, 
planners need resources and time to do that, for example, surveys of a community, city, 
or even greater, a state. Nevertheless, social media data is easily accessible and it is 
updated every minute. Therefore, this new source of information can renew the research 
processes in academic or practical levels. ITU (2012) stated that almost 100% of people 
used the internet in 2010 in many countries. 
Andrienko, et al. (2009) analyzed community-contributed space- and time referenced 
data using Panoramio data and analyzed the spatial-temporal events and the geographic 
trajectories of people. Research using social media sources as Panoramio data is not a 
novel approach today in planning. 
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CHAPTER 7 CONCLUSIONS 
A. Summary Statement 
The hot spots and cold spots of clusters of pictures uploaded from Panoramio and 
Flickr websites were found, in particular, in the north, west, and southeast parts of 
Nebraska. In addition, even though Biologically Unique Landscapes and Major Streams 
have the highest number of photos taken, State Parks and National Parks have the highest 
density ratio (pictures/square mile). 
In terms of location, areas of study have a relationship with the hotspots in the state of 
Nebraska. Some of them had a higher number of pictures than others such as natural 
landmarks, biologically unique landscapes, major streams, and major lakes. However, we 
need to point out that all of the clusters of high-high values (hot spots) were found at least 
in one of the areas of aesthetic value.   
There are three new areas with aesthetic values discovered in Nebraska. These areas 
of clusters of cold spots, so-called zones, were found in this study. We must point out that 
there were another cold spots. Nevertheless, these three zones are sited outside of the 
study areas. From the data, we know two of them are related to “birds” and “sand hills”. 
Further research can give us an important source for recreation, tourism, or conservation. 
There was not a statistically significant strong relationship between the clusters of 
pictures and the population at county, census track, block group, and block levels. 
However, we can say that in the north-west part of Nebraska, people take more pictures 
in the following counties: Sheridan, Blaine, Cherry, Grant, Hooker, Thomas, Arthur, 
MsPherson, Logan, and Keith. Also, more visitors, tourists, or investigators were there.  
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B. Research Limitations 
Social media data is a new source of information that is growing every day. In the 
world, people are using social networks at this moment and data is being stored on these 
websites. Consequently, the most current data is always changing. For this thesis, we 
used data from the launch of Panoramio and Flickr (2005 and 2004 respectively) to 
December, 2014. However, we should not forget that new data is available right now. 
Another aspect of social media data is that it is created by people with non-specific 
purpose to load them. In other words, people submit their photos, videos, or comments 
for other ends such as networking, commuting, socializing, or relaxing. As a result, we 
should treat these data source as an alternative research approach for different fields of 
study or combine it with other research approaches. 
Welsh, et al. (2012) provided some limitations of geo-tagging photographs from 
social media sources such as the intensity of the 3G signal in the electronic devices or in 
overseas areas. However; this factor will improve over time as technology improves. 
Also, these authors said that precision of spatial reference points of these devices can 
affected the data collected. 
The physical, perceptual and evaluative aspects of landscapes are difficult to measure. 
Landscapes occur as independent and objective objects but are seen differently by an 
observer. The relationship is influenced by landscape perception and valuation (Unwin, 
1975). However, as we discussed before, perceptual evaluations of mainly natural 
landscapes have consistently shown consensus far more than disagreement (Stamps, 
1999). 
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C. Future Research 
This new approach using social media data as a data source can contribute to research 
purposes in environmental planning for policymaking at different government levels, for 
instance, at state government in this case. In addition, this paper can be used by some 
fields of study such as Community Development, Environmental Management, Natural 
Resources, Political Sciences, and others. 
Vihervaara, et al. (2010) stated clearly that people around the word have altered 
ecosystems and research has focused on services, types, and geographical areas. Their 
evaluation of the development and current status of ecosystem services shows that 
ecosystem changes and vulnerability will be key issues in the future. Therefore, new 
approaches are needed in order to have a better understanding of this. 
In environmental management, we could use this kind of approach for evaluating 
specific areas for conservation. For example, the zone 1 of clusters of cold spots is 
probably an area for bird protection or authorities could create a recreational place for 
bird viewing. Also, clusters of hot spots could tell us where people prefer to go for a trip, 
vacation, or relaxing and then provide better services for them. 
Manning, et al. (2009) mentioned that rapid global change is challenging for 
researchers, policy-makers and land managers and proposed a new perspective of 
“landscape fluidity” that take into account landscapes in the process of change. Another 
future matter of research would be this change by continuing using social media data to 
track changes over time. Also, as these authors say, a focus on landscapes helps to join 
investigations in biogeography, ecology, paleoecology, and conservation biology. 
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Appendices 
Appendix A: TOTAL DATABASE 
 
Figure 29. Raw Data-Base 
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Figure 30. Final Data-Base 
 
 
